INSTRUCTIONS
With the development of oil industry, oil and gas resources stored in shallow formations are depleted, so it becomes more and more urgent to drill oil and gas resource in these places where have complex geological conditions and hard formations. But how to raise drilling velocity in hard formations has always been a difficult problem all over the world. Through some tests, it has been found that particle impact drilling is an efficient way to raise the drilling velocity. Particle impact drilling is the common drilling fluid with steel particles. When the drill rotating progressively to break rock, the particles in the drilling fluid will break and etch hard rock. Some companies such as the Particle Drilling Technologies, Inc. have done field test based on several years of study. In recent years, some Chinese universities such as Beijing University of Chemical Technology, China University of Petroleum and Southwest Petroleum University, have begun to do related study and experiment and have made achievements successfully, promoting the development of particle impact drilling technology. Most studies of particle impact drilling technology prefer to studying on rock breaking mechanism and parameters optimization instead of the performance of flow field in different parameters. So it is worthy to do numerical simulations of drilling in different conditions by using Computational Fluid Dynamics and do more studies on the performance of the drilling flow fluid in different main parameters, including particle diameter, particles volume fraction, nozzle pressure and confining pressure, which can offer reference materials and theories for subsequent study.
PARTICLE DRILL MODEL
As for the drilling bit, choose 8.5 inches deep conical bit, its diameter is 215.9mm, the total length of the drill is 300mm, and the full diameter of thread is 114.3mm. As for outside wall of the bit, choose the CP1412 type bit gauge, the tooth depth is about 12mm.The gap between the bit model and the wall is set as 12mm.
CALCULATION MODEL

Discrete model
The particles volume fraction in the whole drilling fluid is less than 5% and the particles do not react with the fluid, so it is appropriate to choose discrete model to study the influence on the performance of the bottom hole flow field and the interaction between continuous phase and discrete phase.
Record the particle trajectory to analyze the particles distribution law.
The following is the motive equation of the particles:
Where u = fluid velocity; ρ p = particle destiny; d p = particle diameter; µ = fluid dynamic viscosity; u p = particle velocity; ρ = fluid destiny; F D = dag force; ABSTRACT: Particle impact drilling technology is an effective way to raise drilling velocity. It is important to study the influence factor on the mechanism and performance of the particle impact drilling. In this article, the stochastic trajectory model is taken as the simulation model, studying the performance of particle drilling in four basic parameters including particle diameter, particles volume fraction, nuzzle pressure and confining pressure.
and F X = other forces, such as virtual mass force, rotary force and etc.
The particles trajectory and the transmission of the quality is calculated by integral in discrete tiny changing time steps. The following is the general equation:
Through the momentum transformation equation and the mass transformation equation, the force is transformed between the fluid and particles. The following is the momentum transformation equation:
The following is the mass transformation equation:
Where d p = particle diameter; m . p = mass flow rate of the particles; ∆m p = quality change of the particle between two steps; m p,0 = initial quality of the particle; m . p,0 = initial mass flow rate of the particles; and R e = relative Reynolds number.
Boundary conditions
The particle-containing drilling fluid is an incompressible fluid. According to the PDTI's study on the particle injection system, only if the particle injection velocity is above 150m/s, can have ideal result. So following is the set parameters:
Entrance conditions: Set entrance velocity as 150m/s and the direction of velocity is perpendicular to the entrance direction of the muzzle;
Exit conditions: After injecting the drilling fluid and impacting the rock, the drilling fluid flow through the junk slot and flow out through the gap between the wellbore and the drill pipe.
FINITE ELEMENT RESULTS ANALYSIS
Influence on the bottom hole flow field in different particle diameters
The muzzle will be blocked if the particles diameter is too large to get through the muzzle which will hamper the progress of the drilling. And the particle diameter should be large enough to break rock, so it is necessary to set particles diameter of 1mm ~ 4mm in the simulation. The figure 1 is the simulation results of the surface pressure in different particle diameters. In the figure 1, it can be seen that the larger the diameter is, the smaller the peak pressure is. With the decrease of the pressure, the effect of the particle impacting rock becomes weak. So the particle diameter should not be set too large. And in the same time, the particles with a small diameter has a weak effect on the surface pressure distribution. In conclusion, it is appropriate to set the particle diameter of 2mm ~ 3mm. The particles volume fraction in the drilling fluid is less than 5%. So in the simulation, set the particles volume fraction of 1% ~ 5%. Figure 2 is the results of the surface pressures in different particles volume fractions. The bigger the surface pressure is, the better the capacity of breaking rock is. But it does not mean that the bigger the volume fraction of the particles is, the better the capacity of breaking rock is. With the increase of the volume fraction, the peak pressure increases first and then decrease, and when the volume fraction is about 3%, the pressure is biggest; when the volume fraction is about 2%, the pressure is smallest. So the volume fraction should be set as 3% or a little bigger than 3%. In figure 3 , it can be seen that the velocity streamlines distribute in a regular pattern when the particles volume fraction is between 1% and 3%, and almost all the particles flow towards the exit directly instead of flowing back. There are more vortices in the bottom and the junk slot when the volume fraction increases to 4%, and the velocity streamline distribute in an irregular pattern and there will be more melt turbulence which causes energy loss and prevents particles from flowing with the drilling fluid to the wellbore. It can draw a conclusion that the volume fraction should be set under 3%.
Influence on the bottom hole flow fluid in different particles volume fractions
Influence on the bottom hole flow fluid in different nuzzle pressures
According to the previous conclusion on particles injection system, simulate the bottom hole flow field in different nuzzle pressures, including 15MPa, 20MPa, 25MPa and 30MPa. In figure 4 , it can be seen that the nuzzle pressure has a prominent effect on melt turbulence. From the picture (a), (b) and (c), it can be obviously seen that there is much melt turbulence in junk slot which damage the drill and wellbore wall and cause large vortices and much energy loss. From the picture (d), it can be seen that the velocity streamlines distribute in a regular pattern and there are less vortices and melt turbulence. so it is better to set the nuzzle pressure as 30MPa which has a good influence in the distribution of the flow fluid.
Influence on the bottom hole flow fluid in different confining pressures
The value of the confining pressure is approximately equal to the hydrostatic pressure which is the exit pressure when the oil well is submerged. The confining pressure changes with the formation depth. So set the confining pressure as 10MPa, 15MPa, 20MPa and 25MPa. In the figure 5 , it can be seen that the larger the confining pressure is, the longer the particles residence time in the bottom hole flow field is. The residence time is the longest when the pressure reaches to 25MPa. The particles will damage the drill when the pressure reaches to 10MPa. When the pressure is 15MPa, the particles will flow to wellbore directly. The backflow begins to take place when the pressure reach to 20MPa. And there is serious backflow phenomenon which has a bad effect on ejecting particles. The possibility of the particles depositing will increase greatly. So it is appropriate to set the confining pressure of 15MPa ~ 20MPa. According to above study, influence of particle parameters on performance of bottom hole flow field are simulated and leading to the following results:
With the increase of the particles diameter, the surface pressure decreases which means that the effect on breaking rock becomes weak and causes more energy loss. It can be concluded that a small diameter benefits of drilling. In the same time, the diameter should be big enough to break rock. After considering all the situations, it is appropriate to set the particle diameter as 3mm.
With the increase of the particles volume fraction, the peak surface pressure increase first and then decrease. The peak surface pressure is the largest when the volume fraction is 3%. From the perspective of energy, the energy consumption is nearly invariable in different volume fractions. So it is appropriate to set the particles volume pressure as 3%.
It can be seen from the particles trajectories that the particles trajectories have a trend to concentrate with the increase of the nuzzle pressure. From the perspective of the particles residence time, when the pressure reaches to 20MPa, the area that the particles concentrate is larger, which can increase the sheet flood area and the capacity of jet flow and breaking rock.
The particles residence time on the bottom hole flow field increase with the confining pressure increasing, which has disadvantages on the particles ejecting. From the perspective of the particles mass consistence distribution, it is appropriate to set the confining pressure as 15MPa for a smaller particles concentrating area and a smaller concentration.
